Invasive multiple cervical root resorptions after vital tooth bleaching is a rare condition. The aim of this article is to present a case of multiple external cervical root resorptions (ECRR) after a misguided home whitening treatment. A 34 year old male patient presented with slight sensitivity and mobility in several teeth. Despite the manufacturer's recommendations, the patient used a 22% carbamide peroxide-based tooth bleaching gel at home for 4 days consecutively, at night, on the upper and lower arches. Clinical examination revealed gingival swelling, probing depths ranging 5-7 mm on the buccal and proximal surfaces, and grade 2 mobility of the teeth affected by ECRR. Radiographs revealed presence of ECRR in several teeth during initial examination, and development of multiple new lesions 6 months later. The teeth were subsequently extracted. Histological analysis showed multiple dentine lacunae and areas of dentine reparation. The careful use of these products can prevent sequelae such as those reported in this clinical case. As the vital bleaching has a variable success rate, patients should be informed through a consent form of the benefits and risks of tooth bleaching treatment.
INTRODUCTION
External cervical root resorption (ECRR) is defined as the loss of hard dental tissue at the cementum-enamel junction (CEJ) resulting from odontoclastic activity. 1 This form of external resorption was defined by Heithersay [2] [3] [4] [5] as an invasive and aggressive loss of tooth structure. It has also been referred to by others as odontoclastoma, 6 peripheral cervical resorption, 7 invasive extracanal resorption, 8 supraosseous extracanal invasive resorption, 9 peripheral inflammatory root resorption 10 and subepithelial external root resorption. 11 It is known that the cementum protects the dentine from resorption processes. 12 A deficiency or change in the cementum below the junctional epithelium attachment may leave the root surface exposed to odontoclasts, with the potential for absorption of the outer layer of dentine. 13 In a microscopic study of the CEJ without pathological changes, Neuvald and Consolaro 14 observed that the cementum does not always offer perfect coverage of the dentine. In many cases, a gap between the cementum and enamel can be observed, leaving areas of dentin exposed to the oral environment. A number of aetiological factors for ECRR have been reported, including orthodontic treatment, trauma, vital tooth bleaching, surgical procedures, periodontal therapy, bruxism, intracoronary restorations and systemic factors. 3 Non-vital tooth bleaching has also been widely documented as a predisposing factor for ECRR.
15-17 Heithersay 3 identified it as an isolated predisposing factor for ECRR in 3.9% of 257 teeth examined in 222 patients. When bleaching was associated with other factors such as trauma and orthodontics, he observed ECRR in 9.7% of the teeth.
Several hypotheses have been proposed to elucidate how external bleaching can result in ECRR. Rotstein et al. 18 demonstrated that the presence of cementumcovering defects in the CEJ could result in the passage of 30% hydrogen peroxide from the pulp chamber to the root surface through the dentinal tubules. It has been suggested that hydrogen peroxide can denature dentine and cause an immune response. 19, 20 Some of the in-office bleaching gels are delivered in a low pH in a way to increase the product's shelf life. 21, 22 The disadvantage of such low pH is that it can promote enamel demineralization 23 and changes in chemical composition, morphology and mechanical properties of the tooth structure. 24, 25 The demineralization of the enamel may lead to the exposure of the dentinal tubules with subsequent tooth sensitivity. In addition, the slightly acidic environment is known to increase osteoclast activity, which can result in ECRR. 26 Vital tooth bleaching with the use of different concentrations of carbamide peroxide has become increasingly popular in the treatment of stained and discoloured teeth since its introduction by Haywood and Heymann. 27 Although it is widely reported in the literature as a safe technique, vital bleaching may cause adverse reactions, 28, 29 and, even as a home treatment, this technique requires careful use by the patient under the supervision of a dentist. Such safeguards will avoid adverse clinical situations and could lead to satisfactory results. 30 The objective of this article is to report a case of ECRR in several teeth following the improper use of 22% carbamide peroxide gel for tooth whitening. This article was written according to the CARE statement. 31 
CASE REPORT
Patient ACS, a 34 year old man, sought treatment for relief of mild sensitivity and mild tooth mobility in several teeth. He had no history of smoking or drug abuse. The patient authorized this case report for research purposes through a consent form.
During history taking, the patient reported having used a 22% carbamide peroxide-based tooth bleaching gel at home for 4 nights consecutively, on the upper and lower arches with a scalloped bleaching tray. The bleaching gel used by the patient has a neutral pH and according to the manufacturer the use should be limited to 1 h per day. Radiographs revealed presence of ECRR in several teeth during initial examination, and development of multiple new lesions 6 months later (Fig. 1) .
Although the manufacturer's recommendations restricted the use of the gel to 1 h per day, the patient claimed to have been guided by another dental professional to use the gel over the whole night, even while sleeping, for 7 days consecutively. According to the patient, the treatment was to be discontinued after obtaining the desired tooth colour. The patient also reported that after the 4th day of continuous use, he was pleased with the colour obtained and discontinued treatment on his own. Sixty days after discontinuing treatment, the patient began to notice the clinical symptoms reported, which caused him to seek help from a new professional.
Upon clinical examination, in addition to gingival swelling, probe depths ranging 5-7 mm were observed on the buccal and proximal surfaces of the teeth affected with ECRR: 12, 13, 31-34, 41 and 42 (Fig. 2) . In addition, grade 2 mobility in teeth with ECRR was observed. A consensus between dental specialists involved in a multidisciplinary team (prosthodontist, periodontist and endodontist) resulted in the planning of extractions of those teeth and implant restorations.
A new full-mouth periapical radiographic examination, after a period of 6 months, showed that the aggressive ECRR were now affecting the maxillary left side (21) (22) (23) (24) (25) (26) and the mandibular right canine (Fig. 3) . Those findings resulted in a new planning of staged extractions of those teeth and implant restorations.
Immediately after the extractions, teeth 21 and 22 were placed in plastic containers with 10% buffered formalin solution and fixed for at least 72 h at 4°C (Fig. 4a) . Specimens were cleaned with periodontal curettes to remove residual soft tissues and decalcified in Ana Morse's solution (equal volumes of 20% sodium citrate and 50% formic acid) at 4°C for 3 weeks. The solutions were changed every 2 days. The decalcification procedure was monitored and confirmed by weekly periapical radiographs. Specimens were sectioned along the longitudinal axis of the teeth with the aid of a histological disposable razor. The samples were embedded in Paraplast Plus â (Leica Biosystems Richmond, Richmond, IL, USA) to produce 5-lm thick sections on a microtome (Leica, Nussloch, Germany) in silanized slides for hematoxylin-eosin morphological evaluation. An optical light microscope (DM4000 B; Leica, Wetzlar, Germany) was used for the micromorphological study of the dental root resorption areas.
The results of the histological analysis showed multiple dentine lacunae and fibroblast-like cementoclasts (Fig. 4b) . In addition, fibroblast-like cementoblasts and collagen fibres were observed on the repaired root surfaces (Fig. 4c,d ). Under normal circumstances, the cementum is lined by the cementoid tissues and cementoblasts and is continuous on the entire root dentine surface. The cementoid is less mineralized and more resistant to resorption. The innermost layer of cementum is highly calcified and acts as a barrier between the dentinal tubules and the Sharpey's fibers.
One year after the first intervention, the radiographic examination showed no further progression of the ECRR (Fig. 5) . The treatment plan is going through phases until the final replacement of all affected teeth.
DISCUSSION
The careful and controlled use of home tooth bleaching treatment can lead to changes in dental tissue and some transient and low-intensity adverse reactions. 29 This article presents a severe case of ECRR with extensive areas of tooth tissue loss following the incorrect use of 22% carbamide peroxide gel for home tooth bleaching. In this case, histologically, gaps in the dentine were observed resulting from the activity of fibroblast-like cementoclasts. Additionally, areas of repair, with deposition of tissue by fibroblast-like cementoblasts, were observed.
Oliveira et al. 28 evaluated structural changes in enamel and found that despite the addition of calcium and fluoride ions, the carbamide peroxide-based vital bleaching treatments at 10% concentration reduced enamel's surface microhardness. However, a recent systematic review 32 evaluating in vivo and in vitro studies on enamel microhardness alteration from 10% carbamide peroxide home bleaching gel that had been applied for 6-8 h per day (exposure time) showed no significant changes in enamel microhardness during the follow-up periods of 7, 14 and 21 days. In a multicenter study of 171 patients, Bruzell et al. 29 demonstrated that both at-home and in-office dental bleaching methods may lead to increased tooth sensitivity and mild gingival inflammation. Fourteen days after ending treatment, tooth sensitivity was observed in 50.3% of home bleaching cases and 39.3% of in-office bleaching cases. Low-intensity gingival inflammation was observed in 14% of home bleaching cases and in 35.7% of in-office bleaching cases. These changes decreased almost entirely in a second evaluation after 1 year. In the present study, the patient presented with localized severe gingival enlargement (swelling) and deep probing depths. As with any dental procedure, home tooth bleaching requires close and careful monitoring by a dentist. 30 The professional is responsible for both the prescription and performance of the treatment. Even in the case of a treatment for which aesthetics determine the ultimate goal and the patient controls the use of the product at home, the professional must determine the length and intensity of treatment. 33 Communication between the professional and the patient should therefore be clear and precise to avoid mistakes and abuse in the use of tooth bleaching gels, something that did not occur in the case described above. In addition, in many countries, anyone can acquire different dental products without prescription from a dental professional. Furthermore, the intense marketing brings the idea that whiter teeth are a sign of health and success.
The bleaching process is based on a chemical reaction between pigmented molecules within the organic matrix of tooth and the oxidizing agents (oxygen release). A recent study 34 investigated the effect of oxygen release of at-home bleaching in the homeostasis of the oxygen concentration inside the blood cells. The authors concluded that a disturbance in oxygen homeostasis (oxygen stress) inside blood cells may occur after at-home bleaching, especially when highconcentration products are used or in prolonged and unattended treatments. Although this stress is probably only transient, this side-effect stress should be taken into consideration in both short-term and longterm. The side-effects of unsupervised, long-term over-the-counter tooth whitening products may be severe and may go undetected until severe complications compel patients to seek treatment.
It has to be emphasized that vital tooth bleaching techniques, performed in-office or at home, that use hydrogen peroxides, especially carbamide peroxide, and that follow the manufacturer's recommendations have been described as safe and effective for over 20 years. 22 The most commonly observed side-effects are tooth sensitivity and gingival inflammation, which are usually mild and transient. 35 However, teeth that present adverse reactions should be treated immediately and monitored in the short-and long-term follow up. 36 In order to minimize risks, it is essential that the dental bleaching treatment be performed and accompanied by a qualified professional. In addition, patients should be informed through a consent form of the advantages and disadvantages of dental bleaching treatment.
CONCLUSIONS
This article reports a case of multiple ECRR after a misguided home tooth bleaching. The careful use of these products can prevent sequelae such as those reported in this clinical case.
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